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WRGD\¶V SRLQW RI YLHZ WR UHGXFH &2HPLVVLRQV E\ WKH \HDU   'DWD IURP WKH *HUPDQ UHJLVWUDWLRQ
VWDWLVWLFVLVDVVHVVHGDQGDVFHQDULRGHYHORSHGIRUWKHRYHUDOOHIIHFWVRI&2HPLVVLRQVIURPURDGIUHLJKW
WUDQVSRUW
7HFKQRORJ\GHYHORSPHQWRIOLJKWDQGKHDY\GXW\YHKLFOHV/'9+'9DQGVHPLWUDLOHUWUXFNV
,QWKLVFKDSWHUWKHWHFKQRORJLFDOGHYHORSPHQWRIOLJKWDQGKHDY\GXW\YHKLFOHV/'9+'9DQGVHPL
WUDLOHU WUXFNV LV VKRZQ UHWURVSHFWLYHO\ IRU WKH \HDUV IURP   $V WKH GHYHORSPHQW RI GULYH WUDLQ
WHFKQRORJ\ZDVVWURQJO\LQIOXHQFHGE\WKHVHWWLQJRIHPLVVLRQOLPLWYDOXHV±WKH(XURVWDQGDUGVDVWKH\
DUHNQRZQ± D VXEVWDQWLDOO\ XQLIRUPGHYHORSPHQW WRRNSODFH DFURVV WKH(8 FRXQWULHV 7KH FXUUHQW
VWDWH RI GHYHORSPHQW LQ1RUWK $PHULFD DQG -DSDQ LV DOVR EULHIO\ GHVFULEHG  %DVHG RQ WKHVH WHFKQLFDO
SDUDPHWHUVWKHGHYHORSPHQWRIWKHIOHHWRI/'9+'9DQGVHPLWUDLOHUWUXFNVWRGDWHLQ*HUPDQ\ZLOOEH
FRQVLGHUHG
7HFKQRORJLFDOGHYHORSPHQWRI/'9+'9DQGVHPLWUDLOHUWUXFNVVLQFH
,Q WKHV WKH(XURSHDQ&RPPLVVLRQVWDUWHG$XWR2LO3URJUDP>(&@7KHREMHFWLYHZDV WR
HVWDEOLVKWKHPRVWFRVWHIIHFWLYHPHDQVRIFRPSO\LQJZLWKFHUWDLQDLUTXDOLW\REMHFWLYHV 7KH(XURSHDQ
)XHO'LUHFWLYH(*>(&@RQWKHTXDOLW\RIJDVROLQHDQGGLHVHOIXHOVDVZHOODVWKHLQWURGXFWLRQ
RIH[KDXVWJDVOLPLWV(XURVWDQGDUGVVHHWDEOHIRUFRPPHUFLDOYHKLFOHVDQGWKHLUXSGDWHVDWYDULRXV
WLPHVOHGWRWKHUHGXFWLRQRIWKHVSHFLILFHPLVVLRQVRIDLUSROOXWDQWVLQWKHLQGLYLGXDOYHKLFOHFODVVHV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HPLVVLRQRIFDUERQPRQR[LGH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K\GURFDUERQV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SDUWLFOHV30DQGQLWURJHQR[LGHV12;ZHUH
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([KDXVWOLPLWYDOXHVIRUFRPPHUFLDOYHKLFOHVKDYHEHHQVSHFLILHGIRUWKHGLIIHUHQWYHKLFOHFODVVHVIRU
DERXW WZR GHFDGHV  7KHUH KDV EHHQ DFKLHYHG FRQVLGHUDEOH UHGXFWLRQ RI HPLWWHG YHKLFOHVSHFLILF DLU
SROOXWDQWVDVWKHH[DPSOHVKRZVIRUWUXFNVDERYHWRQVDQGVHPLWUDLOHU WUXFNVVHHWDEOH 'XHWR
WKHUHDFKHGORZOHYHORISROOXWDQWVIRU(XUR9,QRZIXUWKHUHPLVVLRQVWDQGDUGVIRUSROOXWDQWVVHHPQRWWR
EH QHFHVVDU\  )XWXUH UHJXODWLRQ IRU +'9 DQG VHPLWUDLOHU WUXFNV VKRXOG EH DLPHG DW UHGXFHG &2
HPLVVLRQVOLNHWKHVWLOOH[LVWLQJOLPLWYDOXHVIRUFDUVDQG/'9
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6LPLODUVWULFWH[KDXVWSROOXWDQWOLPLWYDOXHVDUHDOVRDSSOLHGIRUWKHOHDGLQJPDUNHWVLQ-DSDQDQGWKH
86$ LQFOXGLQJ 1$)7$  7KH OHYHO RI WKH OLPLWV RI WKH H[KDXVW JDV YDOXHV ZDV DOVR VLJQLILFDQWO\
LQFUHDVHG RYHU UHFHQW \HDUV  7KH 86 VWDQGDUG (3$¶ ZKLFK KDV EHHQ LQ IRUFH VLQFH  FRQWDLQV
H[KDXVWJDVOLPLWYDOXHVRIJN:KIRU12[DQGJN:KIRUSDUWLFOHV7KLVLVDOUHDG\DVVLPLODU
DV WKH (XUR9, VWDQGDUG  7KH -DSDQHVH -3¶ VWDQGDUG ZKLFK KDV EHHQ LQ IRUFH VLQFH  UHTXLUHV
H[KDXVW YDOXHV RI  JN:K IRU 12[ DQG  JN:K IRU SDUWLFOHV  7KLV VWDQGDUG LV DOUHDG\ PRUH
DPELWLRXVDVWKHFXUUHQWO\YDOLG(XUR9VWDQGDUG>&RQWLQHQWDO@
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'HYHORSPHQWRIIXHOFRQVXPSWLRQDQGSHUIRUPDQFH
)LJ JLYHV D JXLGH WR WKH ORQJWHUP GHYHORSPHQW WUHQGV LQ /'9 DQG VHPLWUDLOHU WUXFNV IXHO
FRQVXPSWLRQ  7KH JUDSKV RI YHKLFOHUHODWHG DYHUDJH IXHO FRQVXPSWLRQ DQG SHUIRUPDQFH IRU WHVWHG
YHKLFOHVLQWKHVHFODVVHVLQ*HUPDQ\VLQFHDUHEDVHGRQUHJXODUO\SXEOLVKHGWHVWUHVXOWVRIQHZ/'9
DQG VHPLWUDLOHU WUXFNV RI VHYHUDO (XURSHDQ YHKLFOH PDQXIDFWXUHUV LQ WKH ODVWDXWR RPQLEXV MRXUQDO
>ODVWDXWRRPQLEXV@)LJFRYHUVWKH/'9DQGVHPLWUDLOHUWUXFNVYHKLFOHFODVVHVDVWKHLUXVH
LQIUHLJKWWUDQVSRUWDQGLQXUEDQGLVWULEXWLRQDQGVHUYLFHWUDQVSRUWSURYLGHVODUJHO\KRPRJHQRXVWHFKQLFDO
SDUDPHWHUV
7KH DYHUDJH IXHO FRQVXPSWLRQ IRU WHVWHG VHPLWUDLOHU WUXFNV ZDV UHGXFHG E\ WKH PLGV  7KLV
FRQWLQXHGDWUHQGZKLFKKDGEHHQHYHQPRUHDSSDUHQWSULRUWR+RZHYHUVWDUWLQJLQWKHPLGV
WKH DYHUDJH FRQVXPSWLRQ EHJDQ WR LQFUHDVH DJDLQ IURP D PLQLPXP RI O NP LQ  LW KDG
LQFUHDVHGE\E\PRUHWKDQRQHOLWHU3RVVLEO\WKLVLVFDXVHGE\OLPLWVIRU(XURFODVVHV,,WR9IRU
+'9 DQG VHPLWUDLOHU WUXFNV ZKLFK ZHUH LQWURGXFHG IURP  7KH LQWURGXFWLRQ RI 6&5FDWDO\]HUV
KHOSHG WR UHGXFH IXHOFRQVXPSWLRQEXW WKH WHVWVKDYHQ¶WSURYHG WKDW WKLV KDV UHWXUQHG WKLV WUHQG 0RUH
FRPSOH[HPLVVLRQFRQWURO WHFKQLTXHV OHG WRFKDQJHV LQ WKHFRPEXVWLRQSURFHVV  ,QDGGLWLRQ WRRSHUDWH
DQGWRFRQWUROHPLVVLRQVUHTXLUHGDJUHDWHUHQHUJ\LQSXW$WWKHVDPHWLPHDFOHDUWUHQGWRZDUGVKLJKHU
SHUIRUPDQFHVHPLWUDLOHUWUXFNVEHFDPHDSSDUHQW0RUHHQJLQHSRZHUHQDEOHGKLJKHUDYHUDJHVSHHGVIRU
WKHYHKLFOHVZKLFKDUHDIIHFWHGDQLPSURYHGIOH[LELOLW\RIXVH
$WWKHHQGWKHLPSURYHPHQWRIIXHOFRQVXPSWLRQYDOXHVIRU/'9DOVROHYHOHGRII7KHLUHQJLQHVZHUH
RIWHQDGDSWHGIURPFDUHQJLQHGHYHORSPHQW7XUERFKDUJLQJDQGGLUHFWIXHOLQMHFWLRQZLWKKLJKSUHVVXUH
ZHUH DEOH LQ WKH SDVW WR DFKLHYH VLJQLILFDQW LPSURYHPHQWV LQ YHKLFOH SHUIRUPDQFH ZKLFK OHDGV WR D
VLJQLILFDQWSHUIRUPDQFHLQFUHDVHLQWKHWHVWHGYHKLFOHV
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QDWLRQDO IOHHWV :LWK PLOOLRQ YHKLFOHV*HUPDQ\ OLHV EHKLQG8QLWHG.LQJGRP DQG 3RODQG LQ VL[WK
SODFHVHH)LJ
$QRQXQLIRUPFRXQWU\VSHFLILFUHJLVWUDWLRQSURFHVVDFFRXQWVIRUWKHZLGHGLYHUVLW\RIUDWLRVRI/'9
+'9DQGVHPLWUDLOHUWUXFNVLQWKHGLIIHUHQWFRXQWULHV,WUDQJHVIURPLQ*HUPDQ\DQG3RODQGWR
LQ)UDQFH6SDLQDQG8QLWHG.LQJGRP
7KHQXPEHURIUHJLVWUDWLRQVIRUFRPPHUFLDOYHKLFOHVUHIOHFWVWKHFORVHLQWHUGHSHQGHQFHRIWKHWUDQVSRUW
PDUNHWRQHFRQRPLFGHYHORSPHQW +HUHWKHODVWILQDQFLDODQGHFRQRPLFFULVLVKDVFOHDUO\OHIW LWVPDUN
,QWKHODVW\HDUIRUZKLFKDUHSRUWLVDYDLODEOHWKHUHZHUHDURXQGPLOOLRQQHZUHJLVWUDWLRQVRI
FRPPHUFLDOYHKLFOHVLQWKH(8,Q\HDUEHIRUHWKHFULVLVLWZDVDURXQGPLOOLRQQHZYHKLFOHV
VHH)LJ
7KHKLJKHVWQXPEHURIQHZUHJLVWUDWLRQVLQZDVLQ)UDQFHDWQHZYHKLFOHVIROORZHGE\
8QLWHG.LQJGRPLQWKLUGSODFHZDV*HUPDQ\ZLWKDOPRVWFRPPHUFLDOYHKLFOHV6SDLQDQG,WDO\
KDYHODUJHUYHKLFOHIOHHWVWKDQ*HUPDQ\EXWVKRZHGOHVVQHZUHJLVWUDWLRQV6HSDUDWHFRQVLGHUDWLRQRIWKH
QHZUHJLVWUDWLRQVDFFRUGLQJWR/'9+'9DQGVHPLWUDLOHUWUXFNVVKRZVWKHGLIIHUHQWVKDUHVRI/'9VHH
)LJ  WKDW DUHRQO\ DERXW  LQ*HUPDQ\ DQG3RODQG +RZHYHU IRU+'9DQG VHPLWUDLOHU WUXFNV
*HUPDQ\LVE\IDUWKHODUJHVWYHKLFOHPDUNHW*HUPDQ\µVVKDUHRI(XURSHDQQHZUHJLVWUDWLRQVLQUHFHQW
\HDUVZDVDERXWRYHURQHTXDUWHU
7KHDYHUDJHDJHRIDOOFRPPHUFLDOYHKLFOHVLQ*HUPDQ\IURPWKHPLGVWRKDGLQFUHDVHGE\
RQH\HDUWR\HDUV2QWKHRWKHUKDQGWKHDYHUDJHDJHRIVHPLWUDLOHUWUXFNVKDVIDOOHQIURPRYHUWR
XQGHU\HDUV 7KHGHUHJLVWUDWLRQRIROGHUYHKLFOHVRYHU\HDUVROG³UHMXYHQDWHG³WKLVFDWHJRU\ 7KLV
HIIHFWZDVLQFUHDVHGE\WKHSURJUHVVLYHHPLVVLRQVWDQGDUGEDVHG+'9WROOWDULIIV
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

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
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





)LJ&RPPHUFLDOYHKLFOHLQVRPH(8FRXQWULHV$&($
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$JURZLQJVKDUHRIDERYHDYHUDJHDJHYHKLFOHVLQWKH+'9FODVVXSWRWRQVLVRFFXUULQJ$JRRG
RIYHKLFOHVDUH\HDUVROGDQGRYHUDQGWKHUHIRUHLQFUHDVHWKHDYHUDJHDJHRIWKLVYHKLFOHFODVV$W
UHQHZDODQQXDOO\RQO\DYHU\VPDOOSDUWRIWKHYHKLFOHIOHHWLVXQGHUJRLQJFRQWLQXRXVIOHHWUHQHZDO
7KHVHPLWUDLOHUWUXFNIOHHWRQWKHRWKHUKDQGLVUHQHZHGDQQXDOO\E\PRUHWKDQ
,WFDQEHFRQFOXGHGWKDWWKHYHKLFOHPDUNHWVRIPDLQ(8FRXQWULHVDUHTXLWHGLIIHUHQW/'9VKDYHWKH
ELJJHVW VKDUH RI FRPPHUFLDO YHKLFOH IOHHW LQ (XURSH 7KH DYHUDJH DJH RI /'9V LQ *HUPDQ\ LV PXFK
KLJKHUWKDQWKHDYHUDJHDJHRIVHPLWUDLOHUWUXFNV7KDWVKRZVWKDWQHZ+'9DQGVHPLWUDLOHUWUXFNVZLWK
KLJK(XURVWDQGDUGVDUHRSHUDWHGLQORQJURDGKDXODJHEXWLQXUEDQDUHDVRIWHQHOGHUFRPPHUFLDOYHKLFOHV
SURYLGHWUDQVSRUWVHUYLFHV
&XUUHQWWHFKQRORJ\GHYHORSPHQWVDQGSHUVSHFWLYHV
$ QXPEHU RI GHYHORSPHQWV WR EH H[SHFWHG LQ WKH ILHOG RI YHKLFOH WHFKQRORJ\ DUH SUHVHQWHG LQ WKLV
FKDSWHUDQGWKHLUSRWHQWLDOIRUHIILFLHQF\JDLQVGLVFXVVHG$QRYHUYLHZRIWKHGHYHORSPHQWLQDOWHUQDWLYH
SRZHUWUDLQVDQGWKHLUDSSOLFDWLRQSRVVLELOLWLHVLQ/'9+'9DQGVHPLWUDLOHUWUXFNVLVJLYHQ)XUWKHUWKH
UHVXOWLQJ SRWHQWLDO WR UHGXFH &2HPLVVLRQV LQ URDG IUHLJKW WUDQVSRUW LV DVVHVVHG IRU *HUPDQ\ E\ \HDU

)LUVWRIDOOWKHIXUWKHUSRVVLELOLWLHVWRRSWLPL]HFRQYHQWLRQDOGLHVHOWHFKQRORJ\ZLOOEHFRQVLGHUHG$V
WHFKQRORJLFDOO\ HDVLO\ DSSOLFDEOH DOWHUQDWLYHV DOWHUQDWLYH IXHOV FRPSDWLEOH ZLWK WKH FRPEXVWLRQ DUH
FRQVLGHUHG±ELRIXHOV QDWXUDO JDV DQG OLTXLGJDV 7KHUH DUHJUHDW H[SHFWDWLRQV IRU HOHFWURPRELOLW\ DQG
K\EULGDQGK\GURJHQWHFKQRORJ\LQWKHSDVVHQJHUFDUVHFWRUDQGDOVRIRU/'9:KDWFDQWKHVHDOWHUQDWLYH
GULYH WHFKQRORJLHV RIIHU IRU /'9+'9DQG VHPLWUDLOHU WUXFNV LQ WKHPHGLXP WHUP" $IWHU DOO D ODUJH
SURSRUWLRQ RI WKH HQHUJ\ FRQVXPHG LQ PRWRUL]HG URDG IUHLJKW WUDQVSRUW LV GHWHUPLQHG E\ YHKLFOH
WHFKQRORJ\ DQG GULYHUV EHKDYLRU ± D JRRG UHDVRQ WR FRQVLGHU PRUH SRWHQWLDO IRU LPSURYHPHQW LQ WKLV
VHFWRU
'LHVHOSRZHU
'LHVHOSRZHU LV WHFKQRORJLFDOO\ZLWKSRWHQWLDO IRU IXUWKHUGHYHORSPHQWDQGH[SORLWDWLRQ 8S WRQRZ
WKH DLP RI GLHVHO WHFKQRORJ\ KDV EHHQ WKH RSWLPL]DWLRQ RI HIILFLHQF\ VHUYLFH OLIH DQG FRVW DV ZHOO DV
PDLQWDLQLQJHYHUPRUHVWULQJHQWH[KDXVWJDVOLPLWV6LJQLILFDQWWHFKQLTXHVZHUHWKHLQWURGXFWLRQRIGLUHFW
LQMHFWLRQ IRXUYDOYH WHFKQRORJ\ HQJLQH VXSHUFKDUJLQJ DQG HOHFWURQLFDOO\ FRQWUROOHG KLJK SUHVVXUH
LQMHFWLRQWKDWLPSURYHGWKHHIILFLHQF\DQGWKHHQYLURQPHQWDOFRPSDWLELOLW\>9'$@7KHUHDUH
VWLOOSRWHQWLDOVDYLQJVUHODWHGWRIXUWKHULPSURYHPHQWRIWKHGLHVHOHQJLQHHYHQKLJKHULQMHFWLRQSUHVVXUHV
RSWLPL]HGHQJLQHFRQWURODQGDOVR UHODWHG WR IXUWKHUFRPSRQHQWVDQG WKHGULYH WUDLQRIDERXWLQ
SDUWLFXODUWKHJHDUER[XQLW>.QHFKW@
)XHO VDYLQJV RI  PHDQ IRU VHPLWUDLOHU WUXFNV VRPH OLWHUVNP OHVV IXHO FRQVXPSWLRQ  $
IXUWKHULPSURYHPHQWRQWKHRQHKDQGKLWVXSDJDLQVWWHFKQLFDOSK\VLFDOOLPLWDWLRQVDQGFDOOVRQWKHRWKHU
KDQGIRUDGGLWLRQDOFRVWLQWHQVLYHPHDVXUHV7KHQHZWHFKQRORJLHVDUHOLQNHGWRKLJKGHYHORSPHQWFRVWV
DQGZLOO KDYH HFRQRPLF HIILFLHQF\ IRU LQGLYLGXDO FRPSDQLHV RQO\ LQ FDVH RI LQFUHDVLQJ IXHO SULFHV DQG
ORQJDPRUWL]DWLRQSHULRGV
%LRGLHVHO FDQ EH XVHG DV SXUH IXHOV % RU DV DQ DGPL[WXUH WR FRQYHQWLRQDO GLHVHO  7KH (8 LV
DLPLQJRIDPLQLPXPREOLJDWLRQIRUELRIXHOXQWLO7KHXVHRIELRIXHOVLVSULPDULO\GHWHUPLQHG
E\ UHJXODWLRQV WD[ SROLF\ DQG YHKLFOH WHFKQRORJ\ (VWLPDWHV RI WKH SRWHQWLDO IRU ELRHQHUJ\ YDU\
FRQVLGHUDEO\  0RUHRYHU WKH LQFUHDVHG XVH RI ELRIXHOV FRPSHWHV ZLWK RWKHU DSSOLFDWLRQV ± IRU IRRG
SURGXFWLRQIRUKHDWJHQHUDWLRQRUXVHDVUDZPDWHULDOV2YHUDOOLQWKHPHGLXPWRORQJWHUPWKHUHVKRXOG
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EHDGHTXDWHELRPDVVDYDLODEOHWRPDNHDVXEVWDQWLDOFRQWULEXWLRQWRJOREDOSRZHUVXSSO\RIWKHRUGHURIDW
OHDVW>(XURSHDQ5HQHZDEOH(QHUJ\&RXQFLO@
&1*±&RPSUHVVHG1DWXUDO*DV
&1*±FRPSUHVVHGQDWXUDOJDV±PHDQVXVHRIFRPSUHVVHGQDWXUDOJDVDV IXHO 7KLVJDVHRXVIXHOLV
FDUULHG RQ ERDUG LQ SUHVVXUH WDQNV DQG XVHG LQPRGLILHG FRPEXVWLRQ HQJLQHV &1*YHKLFOHV LQPRVW
FDVHV FDUV DQG EXVHV KDYH EHHQ DYDLODEOH RQ WKH PDUNHW IRU PDQ\ \HDUV  ,Q WKH FRPPHUFLDO YHKLFOH
VHFWRUWKHUHDUHDOUHDG\/'9DQGDIHZ+'9RYHUWRQVZLWK&1*HQJLQHVRQWKHURDG'HSHQGLQJ
RQQDWLRQDOFRQGLWLRQVVXFKDVWD[DWLRQDQGWKHQXPEHURIUHILOOLQJVWDWLRQVWKHVHYHKLFOHVDUHRSHUDWHG
LQRQO\DIHZ(8FRXQWULHVVXFKDV,WDO\ WKH1HWKHUODQGVDQG*HUPDQ\ 7KHUHDUHRQO\DIHZKXQGUHG
YHKLFOHVLQWKH+'9VHFWRUPDQ\RIWKHPXVHGIRUWHVWSXUSRVHVRUXVHGLQPXQLFLSDOIOHHWVHJXUEDQ
ZDVWHFROOHFWLRQ
,WVSK\VLFDOSURSHUWLHVPHDQWKDWQDWXUDOJDVLVYHU\FOHDQEXUQLQJDQGWKXVSURGXFHVORZHQJLQHUDZ
HPLVVLRQV  7KHUH DUH LQ DGGLWLRQ ORZHU DPRXQWV RI &2HPLVVLRQV WKDQ LQ GLHVHO FRPEXVWLRQ  &1*
SRZHUHG YHKLFOHV FDQ UHDOL]H XS WR  OHVV &2HPLVVLRQV WKDQ FRPSDUDEOH GLHVHO HQJLQHV >3XFKHU
@  )XUWKHUPRUH &1* ZLWK KLJK VKDUH RI ELRJDV FDQ EH XVHG DV IXHO ZLWKRXW DQ\ WHFKQLFDO
PRGLILFDWLRQ RI WKH HQJLQH DQG SURPLVHV VXEVWDQWLDO DGGLWLRQDO &2HPLVVLRQ VDYLQJV  $ QDWXUDO JDV
YHKLFOH ILOOHGZLWKELRJDVDOORZVRSHUDWLRQZLWKWRORZHU&2HPLVVLRQVWKDQXVLQJGLHVHO IXHO
GHSHQGLQJRQWKHJUHHQKRXVHJDVHVFUHDWHGGXULQJWKHELRJDVJHQHUDWLRQ>'(1$@
&RQWUDU\WRSUHYLRXVDFFRXQWVWKHSROOXWLRQIRRWSULQWRIWKH&1*HQJLQH±SDUWLFXODUO\WKHHPLVVLRQRI
12[DQG62± LV LQVLJQLILFDQWO\EHWWHU WKDQDGLHVHOHQJLQHDV WKH VWULFW(XUR VWDQGDUGVPHDQ WKDW WKH
GLHVHOHQJLQHKDVDOUHDG\VLJQLILFDQWO\LPSURYHGLWVSROOXWLRQIRRWSULQW$IXUWKHUDGYDQWDJHFRPHVIURP
WKHORZQRLVHHPLVVLRQVRIWKH&1*HQJLQHWKHVHDUHDURXQGEHORZFRPSDUDEOHGLHVHOHQJLQHQRLVH
HPLVVLRQV
7KHZLGHVWDUHDRIXVHRI&1*SRZHULVLQXUEDQWUDQVSRUWZLWKOLJKWDQGPHGLXPFRPPHUFLDOYHKLFOHV
EDVHGRQDQDGHTXDWHQHWZRUNRIILOOLQJVWDWLRQV)RUXVHLQXUEDQWUDQVSRUWDYRLGLQJSDUWLFOHDQGQRLVH
HPLVVLRQVLVLWVHOIDUHFRPPHQGDWLRQ
/3*±/LTXHILHG3HWUROHXP*DV/3*
/LTXHILHG3HWUROHXP*DV/3*LVDOLTXLGPL[WXUHRIEXWDQHDQGSURSDQHZKLFKLVSURGXFHGDVDE\
SURGXFWRIUHILQHU\SURFHVVHV/3*LVXVHGDVSXUHIXHOLQPRGLILHGSHWUROHQJLQHVZKLFKFDQWKHQDOVR
FRQWLQXH WR EH XVHGZLWK SHWURO  7KH SROOXWDQW HPLVVLRQ GLIIHUV DFFRUGLQJ WR WKH YDULRXV WHFKQRORJLHV
XVHG )HZYHKLFOHPDQXIDFWXUHVSURPRWHDOO WKH/3*YDULDWLRQVDV KDYLQJ ORZHU&2HPLVVLRQV 7KH
PDUNHWVKDUHRIWKHVHYHKLFOHVFDQRQO\EHH[SHFWHGWRJURZVORZO\
+\EULGDQGHOHFWULFGULYH
,QWKHUHFHQWSDVWWKHUHKDVEHHQDQHYHULQFUHDVLQJWUHQGWRZDUGVHOHFWULILFDWLRQDQGK\EULGL]DWLRQRI
SRZHU WUDLQV 7KHPDLQ WHFKQRORJLFDO GULYHU IRU YHKLFOH GHYHORSPHQW LV H[SHFWHG WR FRPH IURPK\EULG
WHFKQRORJ\ DQG HOHFWURPRELOLW\  $ERYH DOO K\EULG DQG HOHFWULF YHKLFOHV JLYH SRWHQWLDOO\ ORZHU IXHO
FRQVXPSWLRQDQGUHGXFWLRQLQ&2HPLVVLRQVWKURXJKWKHXVHRIUHQHZDEOHHQHUJ\IRUXUEDQGHOLYHU\DQG
WUDQVSRUW
+\EULGYHKLFOHVFDQEHGLYLGHGLQWRJURXSVRQWKHRQHKDQGDFFRUGLQJWRWKHFRPELQDWLRQRIHOHFWULF
DQG FRPEXVWLRQ HQJLQHV LQWR VHULHV SDUDOOHO DQG PL[HG K\EULGV DQG RQ WKH RWKHU DFFRUGLQJ WR WKH
HIILFLHQF\RIWKHHOHFWULFHQJLQHLQWRPLFURPLOGIXOODQGSOXJLQK\EULGV$OOFRPELQDWLRQVKRZHYHU
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KDYH WKHFRPPRQIHDWXUH WKDW WKH\DUHGHVLJQHGZLWK WKHDLPRIVDYLQJIXHODQGJLYLQJHIILFLHQWXVHRI
HQHUJ\
7KHGHYHORSPHQWRISXUHHOHFWULFYHKLFOHVLVEHLQJLQLWLDWHGE\WKHVDPHREMHFWLYH7KHVHYHKLFOHVZLOO
EHSRZHUHGH[FOXVLYHO\E\DQHOHFWULFPRWRUDQGKDYHDEDWWHU\IRUHQHUJ\VWRUDJH$VK\EULGDQGHOHFWULF
YHKLFOHV VKDUH WHFKQRORJLHV VXFKDVHOHFWULFPRWRUDQGEDWWHU\GHVLJQ WKH\FDQDOVRSURILW IURP VLPLODU
DGYDQWDJHV 2QWKHRWKHUKDQGWKH\DOVRKDYHGLVDGYDQWDJHVZKLFKQHHGWREHPLQLPL]HG $JDLQVW WKH
DGYDQWDJHRIORZHUHPLVVLRQVWKHSXUHHOHFWULFRSHUDWLQJPRGHGHSHQGLQJRQWKHIRUPRIK\EULGL]DWLRQ
RQO\DOORZVDOLPLWHGGLVWDQFHWREHWUDYHOOHG7KHRWKHUGLVDGYDQWDJHVDUHLQSDUWLFXODUWKHFRVWVDQGWKH
RSHUDWLQJOLIHDQGUHOLDELOLW\RIWRGD\¶VEDWWHULHVIRUHYHU\GD\XVH
)RU XUEDQ GHOLYHU\ DQG GLVWULEXWLRQ WKH DYHUDJH VDYLQJ SRWHQWLDO FRPSDUHG WR FRQYHQWLRQDO GLHVHO LV
DERXWIRUDXWRPDWLFVWDUWVWRSIURPWRIRUIXOOK\EULGYHKLFOHVDQGXSWRIRUSOXJLQ
K\EULGYHKLFOHVLVDVVXPHG>5LFDUGR@,QSULQFLSOHLWIROORZVWKDWWKHIXHOVDYLQJVLQFUHDVHLIPRUH
HIILFLHQWEDWWHULHVDQGHOHFWULFPRWRUVFDQEHXVHGRYHUORQJHUGLVWDQFHV7KHHQGHDYRUVWRVDYHIXHODOVR
OHDG WR ORZHU &2HPLVVLRQV IURP K\EULG DQG HOHFWULF YHKLFOHV ,Q K\EULG YHKLFOHV WKH &2HPLVVLRQ
VDYLQJ LV LQ WKH UDQJH RI  WR  >5LFDUGR @ $V D JXLGH IRU WRGD\¶V FRQGLWLRQV LW IROORZV WKDW
HOHFWULF YHKLFOHV KDYH D&2 UHGXFWLRQSRWHQWLDO RI VRPHWKLQJEHWZHHQ DERXW  WR >)LVFKNQHFKW
@2QO\WKHDYDLODELOLW\RIODUJHDPRXQWVRI&2IUHHSRZHUZLOOOHDGWRHOHFWULFDQGSOXJLQK\EULG
YHKLFOHVEHLQJDEOHWRDFKLHYHPDMRU&2HPLVVLRQVDYLQJV7KHDGYDQWDJHIRUWKHXVHULVWKHUHIRUHLQWKH
ILUVWSODFH WREHDEOH WRGULYH LQDQDUHDGHVLJQDWHGE\ WKHPXQLFLSDOLW\DVFRPSOHWHO\ IUHHRISROOXWDQW
HPLVVLRQV
$IXUWKHUIDFWRUZKLFKDOVRDIIHFWVWKHOLIHF\FOH&2HPLVVLRQVRIK\EULGDQGHOHFWULFYHKLFOHVLVWKH
KLJK HQHUJ\ FRQVXPSWLRQ LQ WKH PDQXIDFWXUH RI EDWWHULHV  7KH &2HPLVVLRQV SHU NLORPHWHU RI DQ
HOHFWULFDOO\ GULYHQ /'9+'9 LQFUHDVH E\ DGGLQJ WKH HQHUJ\ FRQVXPHG GXULQJ WKH PDQXIDFWXUH RI
EDWWHULHV 7KHRYHUDOO OHYHO RI&2HPLVVLRQVSHU NLORPHWHU WUDYHOOHGGHSHQGVRQ WKHSHUIRUPDQFH DQG
VHUYLFHOLIHRIWKHEDWWHULHV
7KHXVDJHRIK\EULGDQGSXUHHOHFWULFYHKLFOHVLQFRPPHUFLDOIOHHWVZLOOGHSHQGRQUHJLRQDOIUDPHZRUN
FRQGLWLRQVWRSURPRWHWKHVHFRPPHUFLDOYHKLFOHVE\VHYHUDOPHDVXUHV7KLVFRXOGEHVXEVLGLHVWRVXSSRUW
WKHSXUFKDVHRIVXFKYHKLFOHVORZHUFLW\WROOVRUHQYLURQPHQWDO]RQHVWKDWUHTXLUHV]HURHPLVVLRQV
+\GURJHQDQGIXHOFHOOV
+\GURJHQDVDQHQHUJ\VRXUFHLVDIXUWKHUORQJWHUPDOWHUQDWLYHIRUHPLVVLRQIUHHWUDQVSRUW+\GURJHQ
LV D VHFRQGDU\ VRXUFH RI HQHUJ\ DQG PXVW WKHUHIRUH EH SURGXFHG IURP RWKHU SULPDU\ HQHUJ\ VRXUFHV
RFFXUULQJ LQ QDWXUH +\GURJHQ FDQEH XVHG IRU SURSXOVLRQRI YHKLFOHV LQ WZRZD\V E\XVH LQ LQWHUQDO
FRPEXVWLRQHQJLQHVRUE\XVHRIIXHOFHOOVLQHOHFWULFDOO\SRZHUHGYHKLFOHV
+\GURJHQ FRPEXVWLRQ HQJLQHV DUH EDVHG RQ PRGLILHG SHWURO HQJLQHV ZKLFK LQVWHDG RI FRQYHQWLRQDO
SHWURODUHSRZHUHGE\K\GURJHQZKHUHDQR[\K\GURJHQUHDFWLRQLVWULJJHUHGLQWKHFRPEXVWLRQFKDPEHU
$QDGYDQWDJHRIWKHK\GURJHQFRPEXVWLRQHQJLQHOLHVLQWKHSRVVLELOLW\RIDGXDOIXHOHQJLQHGHVLJQVR
WKDW WKH YHKLFOHV FDQ UXQ RQ HLWKHU SHWURO RU K\GURJHQ  ,Q WKH (8SURMHFW +\)/((7&87(
>+\)/((7&87(@FLW\EXVHV LQ+DPEXUJ DQG%HUOLQZHUH WHVWHGZLWKK\GURJHQ FRPEXVWLRQ
HQJLQHV
&RPSDUHG WR WKH FRPEXVWLRQ RI K\GURJHQ IXHO FHOOV FRQYHUW WKH FKHPLFDO HQHUJ\ VWRUHG LQ WKH
K\GURJHQ LQWR HOHFWULFDO HQHUJ\ 7KLV FDQEH XVHG WRSRZHU WKHEXVZLWK DQ HOHFWULFPRWRU 7KHRQO\
UHDFWLRQSURGXFW IRUPHG LQ IXHO FHOOV LVZDWHUZKLFKPHDQV WKDW IXHO FHOO YHKLFOHVGRQ¶W SURGXFH ORFDO
HPLVVLRQV7KHFKDUDFWHULVWLFVRIIXHOFHOOVPDNHLWSRVVLEOHWRDFKLHYHDJUHDWHUHIILFLHQF\±IRUH[DPSOH
WKHPRVWPRGHUQIXHOFHOOVKDYHDQHIILFLHQF\RIXSWR
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$VK\GURJHQLVDVHFRQGDU\HQHUJ\VRXUFHLWVRYHUDOOFOLPDWLFIRRWSULQWLQ&2HPLVVLRQVLVFULWLFDOO\
GHSHQGHQW RQ WKH PHWKRG RI SURGXFWLRQ RI WKH K\GURJHQ  :LWK K\GURJHQ SURGXFHG IURP UHQHZDEOH
HQHUJLHV LWZRXOGRQO\EHSRVVLEOH WR UXQ WUDQVSRUW FRPSOHWHO\ZLWKRXW&2HPLVVLRQV  ,QDGGLWLRQ WKH
RWKHUDLUSROOXWDQWVDQGQRLVHHPLVVLRQVZRXOGEH VLJQLILFDQWO\ UHGXFHG :LWK UHJDUG WRHIILFLHQF\ WKH
XVHRI WKHIXHOFHOOSURPLVHVJUHDWHUHIILFLHQF\WKDQWKHFRPEXVWLRQHQJLQH +RZHYHU WKHUHKDYHWREH
IXUWKHU VLJQLILFDQW GHYHORSPHQWV RYHU WKH QH[W  \HDUV EHIRUH WKLV WHFKQRORJ\ LV HFRQRPLFDOO\
FRPSHWLWLYHLQFRPSDULVRQWRFRPEXVWLRQHQJLQHV
9HKLFOH7HFKQRORJ\
%HVLGHVGULYHWUDLQVDQGWKHHQHUJ\VRXUFHVHPSOR\HGWKHUHLVIXUWKHUFRQVLGHUDEOHSRWHQWLDOWRUHGXFH
HQHUJ\ FRQVXPSWLRQ DQG &2HPLVVLRQV E\ LPSURYHG YHKLFOH WHFKQRORJ\  7KH PDLQ VWDUWLQJ SRLQW RI
RSWLPL]HGYHKLFOHWHFKQRORJ\LVWKHUHGXFWLRQRIWKHGULYLQJUHVLVWDQFH7KHKLJKHUWKHGULYLQJUHVLVWDQFH
WKHJUHDWHUWKHSRZHUUHTXLUHGWRDFFHOHUDWHDYHKLFOHWRDVSHFLILHGVSHHGRUWRVWRSLW
7KHGULYLQJUHVLVWDQFHFDQEHEURNHQGRZQLQWRYDULRXVFRPSRQHQWVWKHPRVWLPSRUWDQWFRPSRQHQWV
DUH WKH DLU UHVLVWDQFH WKH UROOLQJ UHVLVWDQFH DQG WKH PHFKDQLFDO ORVVHV WKURXJK IULFWLRQ  7KH UROOLQJ
UHVLVWDQFH WREHRYHUFRPHGHSHQGVDJDLQRQ WKHHPSW\ZHLJKWRI WKHYHKLFOHDQG WKHSD\ORDG 6WDUWLQJ
SRLQWVDUHRIIHUHGE\LPSURYLQJWKHDHURG\QDPLFVDQGWKHUHGXFWLRQRIUROOLQJUHVLVWDQFH
,PSURYLQJ DHURG\QDPLFV GHSHQGV RQ WKH UHJXODWLRQ RI YHKLFOH VL]H DQG WKH GHPDQG RI FDUULHUV IRU
PD[LPXP ORDG VSDFH YROXPHV  'XH WR WKH UHJXODWLRQ RI VL]H LPSURYHPHQWV FRXOGQ¶W EH H[SHFWHG RI
DURXQGRUPRUHLQIXHOVDYLQJVIRU+'9DQGVHPLWUDLOHUWUXFNVZLWKIUHTXHQWPRWRUZD\MRXUQH\VDW
SUHVHQW  )RU H[DPSOH WKH XVH RI DGMXVWHG YHUVLRQV RI VHPLWUDLOHUV PHDQV WKDW WKH SHUPLWWHG YHKLFOH
KHLJKWRIPHWHU LV H[FHHGHGRUE\NHHSLQJ WR WKHPHWHURYHUDOOKHLJKW WKHUH LVD ORVVRI ORDGVSDFH
YROXPH1HZOHJDORUJHQHUDOFRQGLWLRQVIRUFRPPHUFLDOYHKLFOHGLPHQVLRQVFRXOGPDNHDFRQWULEXWLRQ
WRVROYHWKLVFRQIOLFW$WSUHVHQWVPDOOLPSURYHPHQWVDUHDFKLHYDEOHODUJHO\IURPURRIDQGVLGHVSRLOHUV
DQGE\FODGGLQJWKHYHKLFOHFKDVVLVRQ+'9DQGVHPLWUDLOHUWUXFNV7KHVHDUHDOUHDG\LQXVHDQGUHVXOW
LQIXHOVDYLQJVGHSHQGLQJRQZKHUHXVHGEXWWKHVDYLQJVDUHLQWKHVPDOOVLQJOHILJXUHSHUFHQWDJHUHJLRQ
>.RSS@
$IXUWKHULPSRUWDQWIDFWRUIRUHQHUJ\FRQVXPSWLRQE\FRPPHUFLDOYHKLFOHVLVUROOLQJUHVLVWDQFH7KH
UROOLQJ UHVLVWDQFH UHVXOWV IURP WKH GHIRUPDWLRQ RI WKH WLUHV RQ URDG FRQWDFW DQG GHSHQGV DPRQJ RWKHU
WKLQJVRQWKHWLUHGLDPHWHUDQGPDWHULDOSURSHUWLHVRIWKHWLUHVDQGWKHURDGVXUIDFH
7KHUROOLQJUHVLVWDQFHLVUHVSRQVLEOHIRUDURXQGDWKLUGRIHQHUJ\FRQVXPSWLRQLQ+'97KHVLPSOHVW
PHWKRGRIUHGXFLQJWKHUROOLQJUHVLVWDQFHLVWRDOZD\VRSWLPL]HWKHDLUSUHVVXUHLQWKHWLUHVIRUH[DPSOHE\
PHDQVRIDQDXWRPDWLFFRQWURO/RZUROOLQJUHVLVWDQFHWLUHVDUHDIXUWKHUFRVWHIIHFWLYHRSWLRQIRUUHGXFLQJ
UROOLQJUHVLVWDQFH
5ROOLQJ DQG WKHUHIRUH GULYLQJ UHVLVWDQFH GHSHQGV RQ YHKLFOH ZHLJKW  7KH UHGXFWLRQ RI WKH YHKLFOH
ZHLJKWRIFRPPHUFLDOYHKLFOHVWKHUHIRUHEHFRPHVDQLPSRUWDQWFRQVLGHUDWLRQ7KHYHKLFOHZHLJKWFDQEH
UHGXFHGLQSDUWLFXODUE\OLJKWZHLJKWFRQVWUXFWLRQPHWKRGV)LUVWO\HQHUJ\FDQEHVDYHGE\ORZHUZHLJKW
6HFRQGO\ WKH UHGXFHGYHKLFOHZHLJKWPHDQV DW WKH VDPH WLPH DQ LQFUHDVHGSD\ORDG DQG WKHUHIRUHPRUH
HIILFLHQW WUDQVSRUW /RQJ WHUP WKH LQFUHDVHG XVHRI DOXPLQXP DQG FRPSRVLWHPDWHULDOV LQ FRPPHUFLDO
YHKLFOHDQGWUDLOHUFRQVWUXFWLRQRIIHUVZHLJKWVDYLQJSRWHQWLDOV
&KDQJHVLQ&2HPLVVLRQV
+RZ WKH SURSXOVLRQ DQG WKH HQHUJ\PL[ZLOO ORRN LQ WKH IXWXUH LQ URDG IUHLJKW WUDQVSRUW"7KLV LV DW
SUHVHQW VWLOO XQGHFLGHG  )URP D SXUHO\ FRVWEHQHILW SRLQW RI YLHZ DOWHUQDWLYH SURSXOVLRQ RU HQHUJ\
FRQFHSWKDVQ¶WVKRZQLWVHOIWREHVRDGYDQWDJHRXVWKDWRWKHUDOWHUQDWLYHVGRQ¶W ORQJHUEHUHJDUGHG7KH
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XQFHUWDLQWLHVDUHWRRJUHDW IRUDORQJWHUPIRUHFDVW WREHPDGH :KLFKSURSXOVLRQV\VWHPDQGIXHOZLOO
GULYH URDG IUHLJKW WUDQVSRUW LQGHSHQGVRQ UHODWLYHSULFH GHYHORSPHQWVPDWHULDO DQG UDZPDWHULDO
DYDLODELOLW\DQGDERYHDOORQWHFKQRORJLFDOSURJUHVVDQGIXUWKHULQQRYDWLRQV$WSUHVHQWLWFDQEHDVVXPHG
WKDWWKHUHZLOOEHVHYHUDOSDUDOOHOWHFKQRORJLHVRQWKHPDUNHWZKLFKZLOOMXVWLI\WKHPVHOYHVSULPDULO\E\
WKHFRVWEHQHILWUDWLRLQWKHFRQWH[WRIWKHPDQ\RSHUDWLQJFRQGLWLRQVLQURDGIUHLJKWWUDQVSRUW
3ROLWLFVLVIXUWKHUPRUHIDFLQJDPXOWLGLPHQVLRQDORSWLPL]DWLRQSUREOHP1HZGULYHWUDLQVDQGHQHUJ\
VRXUFHV LQ WUDQVSRUW DUHPHDQW WR HQYLURQPHQWDOO\ DQG FOLPDWLFDOO\ IULHQGO\$W WKH VDPH WLPH WKH\ DUH
PHDQW WR UHPDLQ VDIH DQG DIIRUGDEOH  2WKHUZLVH WKH HVWDEOLVKHG GLHVHO WHFKQRORJ\ FRXOG EH IXUWKHU
GHYHORSHGDQGRSWLPL]HG,WUHSUHVHQWVDEHQFKPDUNIRUHYHU\DOWHUQDWLYHRSWLRQLQWKHIRUHVHHDEOHIXWXUH
)LQDOO\LWLVREYLRXVWKDWDOWHUQDWLYHIXHOVDQGDOOH[LVWLQJWHFKQRORJLHVDUHQRWDEOHWRVWURQJO\UHGXFHWKH
RYHUDOO&2HPLVVLRQVRIFRPPHUFLDOYHKLFOHIOHHWXQWLO\HDUEHFDXVHWKDWKDVWREHDFKLHYHGDJDLQVW
WKHEDFNJURXQGRIIXUWKHUHFRQRPLFDQGWKHDQWLFLSDWHGJURZWKLQURDGWUDQVSRUWWKDWLVIRUHFDVWHG7KH
PRGHUQL]DWLRQ RI FRPPHUFLDO YHKLFOH IOHHW LV D ORQJ WHUP SURFHVV DQG DOWHUQDWLYH IXHOV DQG QHZ
WHFKQRORJLHVKDYHWRFRPSHWHZLWKWKHKLJKO\HIILFLHQWGLHVHOSRZHUWUDLQ
%DVHGRQDVFHQDULRDQDO\VLVRIWKHWHFKQRORJLFDOGHYHORSPHQWRIWKHZKROHFRPPHUFLDOYHKLFOHIOHHW
LQ*HUPDQ\LWZDVFRQVLGHUHGWKDWIXHOFRQVXPSWLRQFRXOGEHUHGXFHGRQDYHUDJHE\DERXWE\WKH
\HDU  7KLV ZLOO LQYROYH DSSURSULDWH XVH RI EDWWHU\ HOHFWULF DQG K\EULG YHKLFOHV DV ZHOO DV WKH
FRQVLVWHQWLPSOHPHQWDWLRQRILPSURYHGHIILFLHQF\FRPSDUHGWRWRGD\¶VSRVVLELOLWLHV'XHWRWKHSUHGLFWHG
LQFUHDVH LQ WUDIILF OHYHOV LQ*HUPDQ\ LWPXVWEHQRWHG WKDW WKHRYHUDOO&2HPLVVLRQV IURPURDG IUHLJKW
WUDQVSRUWZLOO LQFUHDVH *LYHQ WKHDVVXPSWLRQPDGH LQ WKH VFHQDULR WKHVHZLOO LQFUHDVHE\DERXW
>$GROI@
&RQFOXVLRQRQIXWXUHWHFKQRORJLFDOGHYHORSPHQW
)URPWKHSRLQWRIYLHZRIYHKLFOHPDQXIDFWXUHUVDQGHQHUJ\VXSSOLHUV WKHUH LVDQ LQFUHDVHGQHHGIRU
UHVHDUFK DQG GHYHORSPHQW  7R WKLV HQG DOWHUQDWLYH WHFKQRORJLHV DQG HQHUJ\ FRQFHSWV ZKLFK SULPDULO\
DGGUHVV HQYLURQPHQWDO DQG FOLPDWLF REMHFWLYHV ZLOO QHHG SROLWLFDO VXSSRUW DW OHDVW LQ D WUDQVLWLRQDO RU
LQWURGXFWRU\ SKDVH  $V ERWK WKH YHKLFOH DQG HQHUJ\ LQGXVWULHV DUH LQWHUQDWLRQDO QDWLRQDO JRLWDORQH
HIIRUWVSURPLVHOHVVVXFFHVV1HYHUWKHOHVVWKHGRPLQDQWGULYHIXHOPL[IRUURDGIUHLJKWWUDQVSRUWLQWKH
\HDU  LV OLNHO\ WREH D IXUWKHU LPSURYHGGLHVHO GULYH WUDLQSOXV VXVWDLQDEOHELRIXHOV SOXVRSWLPL]HG
YHKLFOHWHFKQRORJ\
7RPHHWWKHREMHFWLYHVRIWKHQHZ(XURSHDQ:KLWH3DSHURQWKH)XWXUHRI7UDQVSRUWWRVWURQJO\UHGXFH
HPLVVLRQV LQ XUEDQ WUDQVSRUW XQWLO  DQG IRU RYHUDOO WUDQVSRUW XQWLO  QHHG PRUH HIILFLHQW
WHFKQRORJLHVDQGDOWHUQDWLYHIXHOVDQGHQHUJLHVWKDWFDQEHSURGXFHGZLWKVLJQLILFDQWOHVV&2HPLVVLRQV
WKDQWRGD\7KHFXUUHQWDYDLODEOHWHFKQRORJLHVVHHPWREHQRWVXIILFLHQWWRUHDFKWKHVHREMHFWLYHV
$OWHUQDWLYHSURSXOVLRQ DQG HQHUJ\ FRQFHSWV GHILQH WKHLU FDUERQ IRRWSULQW LQ FRQWUDVW WR FRQYHQWLRQDO
IXHO SULPDULO\ WKURXJK WKHLU XSVWUHDP FKDLQ HPLVVLRQV%LRJHQLF IXHOV ± WKHPRVW LPSRUWDQW DOWHUQDWLYH
HQHUJ\VRXUFHIRUFRPEXVWLRQHQJLQHVLQFRPPHUFLDOWUDQVSRUW±ZLOOWKHUHIRUHEHWDNHQLQWRFRQVLGHUDWLRQ
LQWKHIXWXUHLQOLQHZLWKWKHLUSRWHQWLDOWRUHGXFHJUHHQKRXVHJDVHPLVVLRQVFRPSDUHGWRPLQHUDOIXHOV,W
LVWKHUHIRUHWREHDVVXPHGWKDWDKLJKO\HIILFLHQWGLHVHOGULYHWUDLQZLOOLQEHWKHPRVWLPSRUWDQWIRUP
RISURSXOVLRQ LQ URDG IUHLJKW WUDQVSRUW7KHELRIXHO VKDUHZLOOEH IXUWKHU LQFUHDVHG LQ WKH OLJKWRIJLYHQ
VXVWDLQDELOLW\ FULWHULD 7KH YHKLFOH WHFKQRORJLHV DQG RSWLPDO HQHUJ\ RSHUDWLRQ ZLOO FRQWULEXWH WR WKH
UHGXFWLRQ LQ IXHOFRQVXPSWLRQ$OWHUQDWLYHGULYH WUDLQVDQGHQHUJLHVZLOOEHGHYHORSHGDQG WKHLUPDUNHW
VKDUHLQFUHDVHZLOOEHGHSHQGHQWRQWKHLUFRVWEHQHILWUDWLRIRUWKHXVHUV
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